based on the concept of transposing autogenous tissue into the chest.7 '4 The authors have been performing intrathoracic muscle transposition for the past 12 years. 1521 The majority of our experience, however, has been accumulated since 1985 . In 1988 we presented a preliminary report of a smaller number of patients with a shorter follow-up period. 20 Since then we have expanded that number with a more significant follow-up in an effort to delineate the true outcome of these attempts at improving life-threatening situations. We have also attempted to define criteria for those patients who would benefit from leaving the pleural cavity open at the time of muscle transposition.
Materials and Methods Clinical Data
One hundred consecutive patients who underwent intrathoracic muscle flaps between May 1977 and February 1988 were reviewed. Seventy-three patients had an intrathoracic infection at the time of muscle transposition. Forty-seven patients had bronchopleural fistulae (23 with postpneumonectomy empyema), 11 had perforations of the heart or great vessels, 8 had esophageal fistula, 5 had postpneumonectomy empyema alone, and 2 had empyema. Sixteen of these patients had previous radiation. The remaining 27 patients had a potential wound-healing problem secondary to either tension on the airway (18 patients) or to previous intrathoracic radiation (9 patients 23 A specific muscle was then chosen considering such factors as the location of the intrathoracic defect, the axis and arc of the selected muscle, potential loss of function and external deformity that could result from use of the selected muscle, and whether the latissimus dorsi muscle had been divided during a previous thoracotomy. The muscle was generally elevated on its proximal dominant blood supply. A 7-to 10-cm segment of rib (usually the second or third) was resected near the axis of the muscle, which was in the posterior axillary line for the latissimus dorsi, the mid axillary line for the serratus anterior, and at the mid clavicular level for the pectoralis major. The rectus abdominus muscle and omentum entered the chest through either a subcutaneous tunnel or via the diaphragm. The muscle was then sutured directly to the repaired intrathoracic structure.
If obvious infection was associated with a large residual pleural cavity ( ' Progression from step-to-step is determined by the condition of the wound.
Step 1. Open drainage of the empyema with closure of the fistula.
Step 2. Intrathoracic muscle transposition.
Step 3. Repeated pleural dressing changes and mechanical irrigation with observation to insure that the muscle has become adherent to adjacent structures and that the cavity is clean.
Step 4. Obliteration ofthe pleural cavity by installation of antibiotic fluid and secondary closure ofthe chest wall.
Failure in our experience results from one or more of the following: recurrence ofthe fistula, closure ofa grossly contaminated pleural space, or loss of antibiotic fluid through a poorly sealed chest wall.
Clearly intrathoracic muscle transposition is the pivotal point that determines success. In the past recurrence of these conditions frequently followed dehiscense of the repaired viscus. Well-vascularized striated skeletal muscle prevents dehiscense and is an excellent tissue to transpose into the thorax. The experience in recent years has amply demonstrated that muscle behaves very favorably when placed in contaminated wounds.5-21,24 Not only will muscle seal a repaired hollow viscus, but muscle will also obliterate small residual pleural space and may potentially increase antibiotic levels to an isolated pleural cavity. '3 The usual method of open pleural drainage is limited resection of one or two ribs in the most dependent portion of the pleural cavity with suturing of the skin edges to the underlying pleura. This procedure was described by Rob 
MUSCLE FLAPS 659
Confusion exists about whether the chest should be closed primarily or left open. When muscle transposition is used prophylactically to reinforce a tracheal or bronchial anastomosis in a noncontaminated thorax; we close the thoracotomy at the time of muscle transposition. If, however, an empyema is present in association with a fistula of the esophagus or airway or with a perforation of the heart and great vessels, we prefer to leave the thoracotomy open for dressing changes after muscle transposition. This is especially true if there is an associated postpneumonectomy empyema. Smaller empyemas with entrapped lung, however, may be successfully treated by decorticated and muscle transposition without open drainage. But if decortication does not allow full expansion of the lung and complete obliteration of the cavity, we tend to leave the thorax open. In this last situation prolonged mechanical ventilation is often necessary.
Meticulous attention to the condition of the pleura at the time of dressing change is critical to successful outcome. Frequent debridement is mandatory. The muscle must eventually adhere to the viscus to prevent recurrence of the fistula. Gentle pressure of the packing against the muscle flap, combined with limited dressing changes in the operating room during the first few days after transposition, will prevent collection of hematoma and exudate between the muscle and repaired viscus to ensure adherence. When the transposed muscle becomes adherent to the mediastinum, the pack is changed in the patient's room three to four times daily, more frequently ifdrainage is excessive. Additional cleansing at these dressing changes is also obtained with a pulsatile hand-held shower head or water pik.
The serratus anterior, latissimus dorsi, and pectoralis major muscles are used in the majority of intrathoracic transpositions. All three muscles have a large, dominant blood supply that is the axis of the muscle flap. The muscles are generally transposed by dividing all of their chest wall attachments. The latissimus dorsi and the pectoralis major muscles result in little cosmetic or functional defect. Transposition of the serratus anterior muscle, however, results in some degree of scapular winging. To minimize this latter complication, the serratus anterior muscle is carefully dissected to preserve intact the top two to three slips of muscle whenever possible. Three of our patients had marked winging of the scapula, which was very aggravating. One of these patients had subtotal scapular resection but discomfort and dissatisfaction with winging still persisted. Nonetheless we believe that in the majority of patients the scapular winging is a reasonable trade off for the gain that can be achieved in control of thoracic infection. One additional consideration regarding the serratus anterior muscle is that a previous standard posterolateral thoracotomy rarely divides more than just the lower one fifth ofthe muscle, leaving the majority ofthe muscle 660 ARNOLD AND PAIROLERO Ann. Surg. June 1990 intact for subsequent transposition. The serratus anterior muscle is our muscle flap of choice for most ofthese conditions and was used in nearly one half of our patients.
The authors emphasize that muscles, in general, are transposed into the chest to reinforce closure of leaks and that the primary goal ofthe muscle is to prevent recurrence of the fistula and not to obliterate pleural dead space. It is our opinion that large pleural spaces after pneumonectomy cannot be completely obliterated with autogenous tissue, as suggested by Miller et al.,'5 and we do not recommend this approach. Nor do we use thoracoplasty for the same reason. Instead we believe this problem is best handled by secondary closure of the chest wall after first filling the pleural cavity with an antibiotic solution as described originally by Clagett and Geraci in 1963,26 and modified by us. 17"19-21 However if a residual pleural space is small (less than 300 cc), a secondary benefit ofthe muscle is obliteration of this space.
We believe that when confronted with a life-threatening intrathoracic infection, muscle flaps present an excellent opportunity to salvage a number of otherwise hopeless patients. When basic general surgical and wound healing principles are followed, intrathoracic muscle transposition can control these potentially tragic situations in approximately 75% of the patients. We urge their consideration.
